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Disclaimer
The contents of this report were based on the best available information at the time of
publication.  It is based in part on various assumptions and predictions.  Conditions may change
over time and conclusions should be interpreted in the light of the latest information available.
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Summary
Sustained rainfall in the Geraldton area in June and July 1986 resulted in severe erosion
of sloping loamy soils, even though short—period rainfall intensities were expected to
recur approximately once pen year, on average.
Analyses of river flows indicate that approximately 22,000 tonnes of suspended
sediment was lost from some 50,000 ha of loamy soils in the Chapman River catchment
during June, with a fertilizer replacement value of approximately $40,000. Assuming that
similar though unsampled concentrations occurred during the July rains, total losses
were estimated at 39,000 tonnes, and $73,000 worth of fertilizer, chiefly nitrogen.
Most of the erosion occurred on uncontoured, traditionally—cultivated cropland. Contour
banking reduced erosion, whereas reduced cultivation is known to increase infiltration of
rainfall and reduce soil loss while maintaining or increasing crop yields on similar soil
types.
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1.  Introduction
Rainfall of up to 185 mm in the Geraldton Region during the last six days of June 1986
resulted in widespread erosion of tilled cropland, and turbid river flows. The area was
inspected in order to assess the erosion and recommend ameliorative measures.
Severe water erosion occurred on sloping loamy soils of the Chapman Soil Association,
which is located mainly in lower parts of the landscape in areas receiving more than 400
mm of average annual rainfall (carder and Grasby, 1986). These are considered prime
agricultural soils, on which there is a long tradition of productive farming. Long cropping
rotations or permanent pastures were formerly preferred, though cropping to wheat or
lupins has recently been carried out, typically in a one-year-in-three rotation.
The Chapman Soil Association occupies approximately 50% of the Chapman River
catchment immediately north—east of Geraldton (Figure 1), and 85% of the Nokanena
Brook catchment to the north (PWD, 1984). The remainder of the soils in these
catchments are sands more than 1 m deep, which typically exhibit high infiltration rates
during winter, with little runoff on erosion.
Approximately one—third of the 200,000 ha of Chapman Association soils are estimated
to have been cropped in the favourable sowing conditions prior to late June, 1986 (C.
Ralph, Department of Agriculture Geraldton, pers. comm.). Extensive ruling occurred to
the depth of cultivation slopes on, except at the relatively few locations where contour
banking had been installed. Further erosion occurred following rainfall of up to 83 mm
between July 21 to 24.
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2.  Rainfall
Rainfall during May at the Chapman Research Station (in the central Chapman Valley)
totalled 67.4 mm. A further 13.5 mm was recorded between June 1 and 24, allowing the
successful completion of cropping programmes and adequate soil moisture for
continued pasture growth. Daily rainfall during the remaining six days of June was:-
June 25 10.2mm
26 28.6mm
27 18.0mm
28 25.2mm
29 62.2mm
30 24.0mm
Total (June 25 to 30) 168.2mm
The June rainfall of 181.7 mm is in Decile 9 (i.e. it occurs less than once in ten years, on
average). A recording of 45 mm in the 15 hours between 5.00 pm on June 28 and 8.00
am on June 29 has an expected average recurrence interval of approximately once per
year (McFarlane, 1986), while the maximum 24 hour recording of 62.2 mm would be
expected to occur once every three years, on average. The three day maximum fall at
Chapman Research Station of 111.4 mm from June 28 to 30 is expected to occur once
in 14 years, on average. Higher falls were recorded in the lower Chapman River
catchment, shown as six day totals at Water Authority of Western Australia stations for
the period June 24 to 30, 1986 on Figure 1.
Rainfall intensities were measured at all stations shown on Figure 1 except at the
Chapman Research Station. Average recurrence intervals of the most intense falls over
half—hour periods were less than one year, with the exception of the Utakarra gauging
station on the Chapman River approximately 8 km east of Geraldton. The 24 mm
recorded in half an hour on June 30, has an average recurrence interval of
approximately once in 18 years.
Shorter period rainfall intensities measured at the Wearbe catchment near Northampton
were as high as 7.5 mm in six minutes and 11.0 mm in 12 minutes on June 29, with
average return periods of approximately ten and seven years, respectively. Further falls
as high as 4.3 mm and 6.7 mm in 6 and 12 minutes have average return periods of
approximately two years. Similar measurements at Nolba, in the upper Chapman Valley
were 2.2 mm and 3.0 mm in 6 and 12 minutes respectively, which may be expected to
occur several times each year, on average.
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Rainfall from July 1—20 at Chapman Research Station totalled 37.6 mm. Together with
the late June rains, soil moisture storage in the profile was therefore relatively high. Daily
rainfall for the remainder of July is shown below:-
July 21 16.0mm
July 22 24.2mm
July 23 22.0mm
July 24 9.2mm
July 25 0.4mm
July 29 6.4mm
July 30 9.0mm
July 31 7.0mm
Rainfall during the period July 21-24, inclusive, are also shown on Figure 1. Rainfall
intensities measured during this period had average recurrence intervals of less than
one year.
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3.  Soil and Crop Losses
Rilling occurred on sloping cropland during the June rains, particularly in cultivated
waterways and where runoff was concentrated. No ruling was observed on pastured
land except on bare, steep (up to 45 degrees) slopes on and adjacent to the Incised
rivers In the area. Sheet and nil erosion appears to be a common occurrence on steep
river banks since aerial photographs show the Chapman River running red into the
ocean in June 1982, when runoff from cropped land was negligible.
Rilling was rarely observed on cropland which had been worked on the contour between
banks. However, contouring is notably absent from the Chapman Valley. For example
only about a dozen banked paddocks are visible from the main road along the Chapman
River from Geraldton to Yuna (77 km), despite the fact that land slopes as steep as ten
per cent were cropped in 1986.
Erosion was evident on cropland of the Chapman Soil Association which occurs from
north of Northampton to the Greenough River (Carder and Grasby, 1986). There was
little visible evidence of soil loss from pasture land, although sheet erosion may have
removed surface organic matter and fine soil particles, rich in nitrogen.
The most obvious ruling observed was in unprotected, cultivated waterways and at
corner workings. However, shallower erosion in cultivation furrows off the contour,
resulted in considerable soil movement over relatively large areas. Distances over which
coarser soil particles moved were generally less than in waterways. Deposition of coarse
sediments then occurred where flow was retarded by reduced slope, or a changed
direction of cultivation reducing the furrow slope.
Some waterways had rilled continuously to the depth of cultivation over hundreds of
metres, with the width of the nil typically increasing downslope as its catchment area
increased. Silt fans occurred at fencelines or where slopes decreased. Approximate
estimates at typical silt fans deposited at road crossings at Sites 1 and 2 on Figure 1
were 20 m3 and 30 m3 respectively. Using estimated bulk densities of these coarser soil
materials of a conservation 1.2 t m-3, deposits were therefore approximately 24 and 36
tonnes, respectively. The largest silt fan observed at Site 3 was estimated to contain
approximately 100 m3, or 120 tonnes. This site had also accumulated sediments during
previous erosion events since clearing of its catchment for farming during the early part
of the century.
Sheet erosion, merging into rills, occurred particularly where shallow surface soils
became saturated. Stunting of an oat crop, possibly because of waterlogging effects
including leaching of nitrogen, masked effects of erosion on yield in the 24 ha Paddock
5C on Chapman Research Station (Figure 2). Approximately 0.15 to 0.20 m of loamy
sand overlies sandy clay at the site, where the growth of Murray oats was generally as
depressed on ridge-lines as in drainage depressions. The resulting relatively low yield of
1.2 t.ha-1 may therefore be considered to be partly a consequence of both waterlogging
and erosion.
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In order to assess the production loss on a typical area due to ruling, a 120 ha area of
Chapman Association soils In the north—eastern section of Chapman Research Station
was assessed (Figure 2).
An area of approximately 0.27 ha was rilled to the depth of cultivation in a corner
working and drainage depression on its north-eastern side, and returned no yield.
Therefore the loss in production because of this rilling was 0.27 ha at 1.5 t.ha-1, or 0.4 of
a tonne of oats. Erosion also occurred on the western side of the ridge—line over a
280m distance to the paddock boundary. Approximately 67 m3 of soil was deposited in a
silt fan on the fenceline from a broad rill in the drainage depression. Crop production
was totally lost on 0.11 ha, which is equivalent to 0.17 of a tonne of oats.
Rilling on a 1.2 ha lupin phomopsis trial plot immediately downslope in Paddock SB
resulted in the loss of topsoil to the depth of cultivation over about 0.26 ha (Appendix I).
At an average yield of 1.72 t.ha-1 for the adjacent lupin crop, a loss of 0.44 t of lupins
occurred from the plot.
Lupin grain yields were measured where partial rather than complete stripping of topsoil
had occurred where the main rill depression overflowed, resulting in a subsidiary rill
immediately downstream of this phomopsis plot. Yields were measured using a plot
harvester along 30 m lengths in one-metre strips away from the central rill, as shown on
Figure 3. The combined loss in production in 1986 totalled 0.00037 t per lineal metre of
the nil (as shown in Appendix II). Therefore the loss of production along this 73—metre
long nil was 0.027 t of lupins. It is considered unlikely that the yield gradients shown on
Figure 3 and Appendix II resulted from the long-term effects of previous erosion,
because diversion of flow into this nil appeared to result from working the phomopsis
plot at right angles to the paddock boundary during 1986 only. The production loss of
0.00037 t per lineal metre of the rill may therefore be attributable, to the 1986 erosion
alone. The main depression was rilled to the depth of cultivation at an average width of
approximately 1.5 m for 55 m, with production totally lost from approximately 0.01 ha.
Both rills then entered a basin adjacent to the Rushy Creek tributary of the Chapman
River, where further intense ruling occurred along 239 m and 38 m of its western and
northern sides, over distances averaging 40 m and 20 m respectively on land slopes of
up approximately 8% (Plate 1). The depth of the rills ranged from 0.03 m to 0.13 m. The
areas of the rills and the volume of soil loss were calculated from average cross-sections
(see Appendix III). The severely rilled area covered 0.67 ha with crop production totally
lost on 0.15 ha which represents 0.29 t of lupins. Additionally, the area covered by
coarse sediment deposits was approximately 0.12 ha, from which expected crop
production of 0.21 t was totally lost. Soil loss was estimated at 102 m3, or 122 tonnes at
a bulk density of 1.2 t m-3. The soil loss, averaging 180 t ha-1, is equivalent to
approximately sixteen millimetres depth oven the 0.67 ha area.
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Figure 2: Locations of RiII Erosion in Paddocks 5B, 5C and 6C Chapman Research
Station, 1986
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Plate 1. Severely ruled lower slopes adjacent to Rushy Creek on Chapman research
station
Runoff diverted by corner working In a neighbouring paddock resulted in approximately
0.1 ha of wheat being lost downslope, (Plate 2), with a further area estimated at 0.05 ha
lost to additional rilling in this 32.5 ha paddock. At 1.5 t ha-1 paddock average yield, 0.23
t of wheat was therefore lost.
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Plate 2 Cultivator—tyne marks below the cultivation layer can be seen in this broad rill
immediately downstream of a corner working in a neighbouring paddock.
Areas of crop lost because of rilling to the depth of cultivation on these three adjoining
paddocks are shown on Table 1. The area of total crop loss was 1.35 ha, or
approximately one per cent of the catchment area of 120 ha. The value of host
production has been calculated assuming a net return to the landholder from wheat,
oats and lupins of $117, $90 and $100 per tonne, respectively (Table 1).
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Table 1. Crop losses because of rilling on paddocks SB, 5C and 6B on Chapman
Research Station, 1986
Area totally lost Crop
production lost
Value
Ridge to Station boundary (350m)
Ridge to paddock boundary (280m)
1.2 ha lupin phomopsis plot
Partial loss along 73 m rill 
Total loss along main rill
Discharge basin along creek
Silt deposits in basin
Additional rilling (estimated)
Erosion below corner working
Additional ruling (estimated)
0.27ha
0.11ha
0.26ha
0
0.01ha
0.17ha
0.12ha
0.10ha
0.10ha
0.05ha
0.41 t (oats)
0.17 t (oats)
0.44 t (lupins)
0.027t (lupins)
0.02 t (lupins)
0.29 t (lupins)
0.21 t (lupins)
0.17 t (lupins)
0.15 t (wheat)
0.08 t (wheat)
$ 36
$ 15
$ 66
$   4
$   2
$ 12
$ 32
$ 17
$ 16
$   9
Totals 1.35ha 1.85 t $209
Out-of-pocket losses of approximately $209 from rilling to the depth of cultivation alone,
are only part of the total cost of the erosion, since losses from sheet erosion were
impossible to separate from interactions with waterlogging and leaching of nitrogen, and
other possible factors such as crop disease. However, good finishing rains, together with
high subsoil moisture levels from the June and July rainfall, resulted in approximately
average crop yields in the area in 1986.
Areas subject to total stripping to the depth of cultivation are expected to show yield
reductions in future years, as the average depth of topsoil is reduced following
cultivation and smoothing of the rills. Losses in production because of partial stripping of
topsoil along drainage depressions such as those shown in Appendix II are also
additional to those from rilling to the depth of cultivation. In reality, the two are usually
combined, a proportion of the yield loss being caused by previous erosion.
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4.  Runoff, Suspended Sediment and Nutrient Losses 
Since the long—term cost of the erosion could not be accurately assessed, the
replacement value of plant nutrient losses was estimated. Such out-of—pocket costs of
the erosion were expected to be useful for extension purposes. Stream flows were
analysed for nutrients and combined with flow data to obtain estimates of total nutrient
losses.
Stage height and rainfall charts were made available by the Water Authority of Western
Australia for gauging stations on streams in the area shown on Figure 1 (PWD, 1984).
Rainfall at each gauging station is shown on Table 2, together with runoff, expressed
both as a volume and as a percentage of station rainfall, and peak flow rates during the
period June 24-30, 1986.
Table 2. Rainfall and runoff at gauging stations operated by the Water Authority
of Western Australia, June 24-30, 1986
Catchment 
area (km2)
Rain
(mm)
Runoff
(m3 x 106)
Percentage
Runoff
Peak flow
rate 
(m3 s-1)
Chapman River
Nokanena
Buller River
Wearbe
1166
229
34.2
0.129
167
150
150
132
19
2.2
0.3
0.00052
10
6
5
3
119
19
6.5
0.13
Approximately 50% of the Chapman River catchment is mapped as hilly terrain with hard
red soils, the remainder comprising mainly laterite-derived soils, compared with 85% of
the Nokanena Brook and Buller River catchments, and 100% of the Wearbe catchment
(PWD, 1984).
A higher peak flow rate of 147 m3 s-1 as against 119 m3 s-1 occurred in the Chapman
River following the rain of July 21—25, although the total runoff (15 x 106 m3) was less
than in the June rains (19 x 10° m3). At the 12.9 ha pastured Wearbe catchment near
Northampton, peak runoff rate was approximately an order of magnitude lower during
the July event. Approximately 5% of the 48.9 mm of rain ran off, compared with only 3%
of the 131.5 mm in the June rains.
The total sediment discharged at the Chapman River gauging station (Plate 3) was
estimated from analyses of samples taken at 8.16 am on June 26, and at 10.51 am and
4.00 pm on June 30, and by extrapolating to midway between sampling times.
Discharge of suspended sediment to the ocean was estimated at some 22,000 tonnes
during the period June 24 to 30. At the peak flow rate of 119 m3 s-1 one tonne of
sediment is estimated to have entered the ocean every seven seconds. If similar
concentrations of suspended sediment occurred in the unsampled, July runoff, an
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additional 17,000 tonnes entered the ocean. At least 39,000 tonnes of soil was therefore
lost to the ocean during 1986. Most of the soil loss occurred from cropland on the
estimated 50,000 ha of the steep and more erodible soils in the 116,000 ha Chapman
River Catchment (C.S.I.R.O. 1967).
An estimate of total soil loss may be obtained by allowing for coarser soil fractions
deposited in silt fans. Loch and Donollan (1983) report sediment delivery ratios (the ratio
of suspended sediment to total soil loss) of 15% to 23% for clayey, well—structured
soils. Chapman Association soils contain less clay, though being poorly aggregated,
similar sediment delivery ratios are possible. If so, then a total of some 160,000 to
250,000 tonnes of soil was lost, or approximately 3 to 5 tonnes per hectare.
Nitrogen and phosphorus analyses of samples taken from the East Branch of the
Chapman River, both before and during the runoff event of June 24 to 30 are shown on
Table 3. Analyses were carried out at Government Chemical Laboratories on samples
which were first filtered and analysed for dry sediment by the Water Authority of Western
Australia. Dried sediments therefore had to be washed in the filtrate water, which could
lead to inaccuracies in the analyses. The results should therefore be seen as indicative
of the order of magnitude of the washed-out nutrients only.
Table 3. Sampling times and nutrient analyses of river flows
River Sampling Nitrate Total Total
Time Date (mg.L-1) Kjeldahl
(mg.L-1)
Phosphorus
(mg.L-1) 
Chapman (East Branch)
Chapman (East Branch)
Chapman
Chapman
Chapman
Buller
Buller
Greenough
2.41 pm
10.44 am
8.16 am
10.51 am
4.00 pm
11.34 am
10.30 am
9.30 am
June 3
June 26
June 26
June 30
June 30
June 26
June 29
June 30
2.1
2.6
3.9
1.4
1.2
1.2
0.51
3.5
0.63
1.2
1.3
2.0
3.4
1.4
3.3
1.5
0.08
0.76
0.30
0.58
1.6
0.40
0.96
0.37
Total nitrogen concentrations (nitrate and total Kjeldahl) are comparable with the 2.2 mg
L-1 average in the Murray River at Pinjarra from 1977 to 84 (Birch et al, 1985). The
average total phosphorus concentration recorded from the 6840 km2 Murray River
(Havel and Bligh, 1982), was 0.083 mg L-1, which is comparable with that in the East
Branch of the Chapman River before the erosion event. Therefore, concentrations
during the June flood event in the Geraldton area were an order of magnitude higher
than the average for the Murray.
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Plate 3. The gauging station on the Chapman River at Utakarra operated by the
Water Authority of Western Australia. Rainfall and flow rates are continuously measured
with regular sampling of flow.
Estimated volumes of flow for each interval were then combined with concentrations in
order to obtain estimates of total nitrogen and phosphorus losses in the rivers (Table 4).
At $520 per tonne of applied nitrogen, approximately $40,000 in nitrogen was lost in the
Chapman River in June 1986 (Table 3), assuming that all of the nitrogen is required for
plant growth. Most of the phosphorus losses were apparently fixed to soil particles and
therefore not available to plants, as indicated by the relatively low value of 0.08 mg L-1 In
the East Branch of the Chapman River on June 3 before the erosion events. Only about
10% of phosphorus losses could therefore be considered as its replacement cost as
fertilizer (J. Yeates, Plant Research Division, pers. comm.) or approximately $900 at
$130 per tonne of superphosphate. 
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Table 4. Estimated Runoff Volumes, and Total Nitrogen and Phosphorus Losses
June 24—30, 1986
River Volume of
runoff (m3)
Total
nitrogen
Replacement
value ($)
Total
phosphorus
(t)
Replacement
value ($)
Chapman
Chapman
Chapman
3.1 x 106
9.5 x 106
6.4 x 106
17
32
29
$  8,000
$16,800
$15,200
1
6
10
$  60
$310
$530
Chapman Total 19.0 x 106 78 $40,000 17 $900
Buller
Buller
15.2 x 103
261.6 x 103
0.04
1.0
$       20
$     520
0.01
0.25
$    5
$130
Buller Total 276.8 x 103 1.04 $     540 0.26 $135
Greenough 961 x 103 4.8 $ 2,600 0.4 $   20
Total nitrogen and phosphorus replacement costs for the Chapman River catchment in
June 1986 were therefore estimated at approximately $41,000, most of which was
probably lost from the 50,000 ha of more erodible soil. An unknown proportion of the
nitrogen loss occurred from pastured land in organic matter swept away in overland flow.
Most of the phosphorus losses would have occurred in soil from the rill and sheet
erosion from the approximately one-third of the more erodible soil which was cultivated.
If a similar though unsampled concentration of nutrients were contained in the 15 x
106m3
July runoff, an additional $32,000 worth of nitrogen and phosphorus would have been
lost to the ocean, for a total loss during 1986 about $73,000.
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5.  Tillage Practices and Cropping Systems
Cropping of the Chapman Association soils has chiefly been to wheat on a one year in
three rotation in recent years, having risen from about one year in five or six a decade
ago. Areas sown to lupins are rapidly increasing
(C. Ralph, pers. comm.). Cereal cropland is typically clean cultivated two on three times
in the area, whereas lupins are mainly direct—drilled. Traditional practice before
effective herbicides were available was to kill weeds by tillage and this practice has
largely continued. Lupins, on the other hand, were extended and largely adopted by
landholders as a package which Included spraying herbicides, and direct-drilling using a
culti-trash or combine.
Few landholders currently direct drill cereals on Chapman Association soils. Those who
routinely direct drill are sometimes subject to peer pressure because of the resulting
stubble—imbedded, uneven seedbeds, and retarded early—season growth. Few data
are available on cereal yields under direct-drilling In the area. Wheat yields were
depressed under direct-drilling using a standard combine in a weed agronomy trial
during 1985, although this was attributed to a prolonged dry spell after direct drilling but
before the traditionally-tilled plots were sown. In 1986, direct drilled wheat averaged 1.69
t ha-1, compared with 1.37 t ha-1 for wheat grown using traditional tillage practices (Plant
Research Division, 1985 and 1986 Experimental Summaries, Western Australian
Department of Agriculture: A.H. Cheam, 85C89). However, direct drilled crops have
generally been observed to grow for longer in spring and have characteristically yielded
at least as well as traditionally tilled crops on loamy soils In trials (Jarvis et al. 1986).
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6.  Observations on Avoidable Locations of Severe Erosion
Erosion of cropland was exacerbated at specific locations in the landscape, which can
be avoided using well-understood techniques of good land management: -
6.1 Cultivated waterways
Many paddocks were cultivated and cropped from fence to fence, including drainage
depressions, which typically eroded to the depth of cultivation.
The more stable depressions should be left uncultivated, and developed as designed
grassed waterways, in order to convey runoff without further rilling. Systems of grade
banks should then be constructed in order to protect minor depressions against rilling.
Grassed waterways should never be cultivated and should ideally be double fenced to
allow controlled grazing and to maintain a vegetative cover. Systems of waterways and
banks should preferably be part of a conservation farm plan isolating areas requiring
similar farming practices.
6.2 Cultivation off the contour
Cultivation in this undulating topography was typically carried out in square—cornered
paddocks. Therefore runoff was channelled downhill by cultivation ridges on one or both
sides of the corners of paddocks. Runoff from substantial areas became concentrated
where two sides met at a corner, which then diverted runoff before breaking out into a
natural depression. Contour working, which reduces the concentration of runoff is
required, with contour earthworks on long slopes.
6.3 Long slopes without banks
Ruling occurred where long slopes were unprotected by banks, requiring up-and-
downhill harvesting by self—propelled headers in many instances (Plate 5). Some
landholders with power—take-off headers only, had to have crops harvested by self—
propelled headers under contract working up and downslope parallel to the rills in order
to avoid trampling the crop, because of the likelihood of expensive repairs following
harvesting across the rills.
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Plate 5. Intense ruling of long slopes made up-and-downhill harvesting necessary
to reduce damage to headers.
Where contour banking is required east of the 450 mm isohyet (which passes near
Northampton, Nabawa and Northern Gully), their spacing should be less than 150 m and
120 m west of this isohyet (Bligh, 1986). Steeper slopes require closer bank spacings.
Grade banks are preferred where stable waterways can be developed to receive the
discharge. Level or absorption banks may be required where stable waterways cannot
be developed, such as in higher positions in the landscape (Plate 6).
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Plate 6. The same slope as that shown on Plate 5 following construction of banks
using a bulldozer to protect the cultivated area from runoff from above.
6.4 Cultivation at the ends of spreader banks
Cultivation close to grassed waterways, or to the discharge ends of spreader banks, not
only makes the soil more erodible, but can also divert the flow along the cultivation at
the edge of the waterway (Plate 7). New gullies may then form at the edge of the
cultivation. Constant reminders of the dangers of cultivating too close to grassed
waterways, spreader banks and gully stops appears to be required, in order to remind
landholders and operators of the erosion hazard during extreme runoff events.
6.5 Erosion at bank outlets
Erosion occurred at grade bank outlets which were cultivated as firebreaks (Plate 8).
Grassed waterways should never be cultivated as firebreaks and should preferably be
double fenced to allow controlled grazing.
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Plate 7 Cultivating close to the ends of spreader banks in this formerly gullied
waterway resulted in erosion of the cultivated land.
Plate 8. Erosion where a grassed waterway was cultivated as a firebreak.  Headward
erosion is advancing along the grade bank channel on the left of the
photograph.
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7.  Discussion
Although the rainfall intensities causing the erosion are expected to occur of the order of
once per year, on average, the severity and extent of the 1986 erosion was relatively
rare in the area because of high cumulative rainfall over several days, and the fact that
large areas had been cultivated and therefore made more erodible. Similar rainfall
intensities during summer cyclones characteristically result in little obvious erosion, as
was again observed on uncultivated pasture land on this occasion.
About one per cent of the approximately 120 ha cropped area studied was totally lost to
production because of rilling to the depth of cultivation in 1986. However, total crop
losses resulting from the extreme rainfall are considerably higher because of interactions
with factors such as sheet erosion, waterlogging and associated leaching of nitrogen.
The total cost of the erosion alone could therefore not be separated with any confidence,
though the replacement value as fertilizer of plant nutrients lost by erosion during June
and July 1986 was estimated at approximately $73,000 from some 50,000 ha of erodible
soils. Even after replacing eroded plant nutrients (chiefly nitrogen), the shallower topsoil
remaining over the sandy clay B—horizon of soils in the vicinity of rills eroded in 1986,
results in a less favourable environment for plant growth than would have existed had
ruling been prevented through improved management practices.
Stocking (1984) notes that though plant nutrients may be replaced as fertilizer, and crop
production maintained or even increased, a loss In soil productivity occurs. Soil
productivity Is defined as a function of many factors although, like soil fertility, it is
incapable of direct measurement. Crops therefore become more expensive to grow.
McFarlane and Ryder (1987) show that the relatively shallow Western Australian
wheatbelt soils can be considered effectively non—renewable. Therefore, management
practices which reduce the rate of soil erosion to negligible proportions are desirable
even though the overall soil losses of the order of tonnes per hectare in a relatively rare
event, are an order of magnitude lower than losses reported on deep clayey soils on the
Darling Downs in Queensland (Freebairn and Wockner, 1986).
The sandy loam and loamy sand surface soils overlying sandy clay at 0.1 to 0.3 cm on
which erosion occurred in the Geraldton area in 1986, are considered broadly similar to
those at Avondale Research Station, where crop yields have been comparable under
direct drilling and traditional tillage. Not only is erosion reduced because the soil is not
loosened as much under reduced tillage, but as at Avondale, infiltration probably also
increases (Bligh, 1984), resulting in less runoff. Reduced tillage is therefore considered
a desirable soil conservation treatment on Chapman Association soils.
Cropping with minimal soil disturbance consistent with satisfactory crop establishment
and yield should further impart to cropping phases of rotations much of the erosion
resistance observed under the pasture phase, with still less runoff. Such soil disturbance
as is necessary for satisfactory crop establishment should be carried out on the contour,
In order to minimise downhill channelling and ruling along crop rows.
WATER EROSION IN THE GERALDTON AREA
22
In order to quantify the effects of reduced tillage on land degradation and its
consequences, a trial of traditional and reduced tillage treatments has been established
on four contour bays under wheat—lupin and wheat—pasture rotations on the Chapman
Research Station. Measurements of soil structural parameters of land degradation will
be taken, together with rainfall intensity, runoff and soil lost both as suspended sediment
and coarse sediments deposited in the conventional grade bank channels.
Reduced tillage practices for cereal crops (which are already accepted for lupins) are
complementary to contour earthworks and may replace the need for some earthworks.
Microseedbed—forming chisel or spear points on seeders equipped with sowing tynes
only, or disc machines such as that reported in Appendix IV, may satisfactorily reduce
water erosion on cropland, provided that the direction of working is on the contour.
Further research into the effects of minimal-soil-disturbance cropping on water erosion,
and the development of appropriate machinery, is therefore desirable.
Contour banking has historically been shown to be successful in reducing erosion from
tilled cropland, a fact which was again evidenced in 1986. Landholder requests for
surveying assistance have Increased as a result of the 1986 erosion and some banks
have been constructed (C. Ralph, pens. comm.). However many landholders are still not
convinced of the need for contour earthworks. A demonstration project to provide a
focus for such extension has been established at a site east of Nabawa on the main
Geraldton—Yuna road, which was so severely rilled in 1986 that the crop had to be
harvested up and down-slope by self—propelled headers under contract.
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8.  Recommendations
1. Contour banking should be constructed on cultivated loamy soils on slopes on the
approximately 200,000 ha of Chapman Association soils in the Geraldton area.
2. Contour banks in undulating topography do not always allow acceptable areas of
arable land between banks within existing paddocks. Implementation of
conservation farm plans would facilitate the adoption of contour banking in such
cases in the medium term, as fences are replaced. The objective of conservation
farm planning is to use all land within its capability with maximum sustainable
productivity. It is therefore desirable that landholders be assisted in drawing up
conservation farm plans, including appropriate cropping systems associated with
particular soil types. Suitable cropping rotations, tillage and contour works can
then be implemented as whole farm systems.
3. Reduced tillage in cropping to cereals as well as lupins should be extended for
erosion mitigation purposes, utilising both Departmental research and the
experience of those landholders who currently are cropping successfully using
reduced tillage.
4. Research into cropping with the minimal soil disturbance consistent with
satisfactory plant establishment and yield, together with the development of
appropriate machinery, should be carried out for erosion mitigation purposes.
5. The measurement of river flows and sediment loads should continue, in order to
monitor the effects of changed land treatments on runoff and soil loss. Stage—
initiated pumping samplers should be considered in order to obtain representative
samples of river flows during flood events and maximise sampling when
personnel must attend several rivers virtually simultaneously, when access is
frequently difficult because of flooding.
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APPENDIX 1
Area of topsoil stripped to depth of cultivation in a 1.0 ha Lupin Phomopsis Trial Plot on
Chapman Research Station.
Distance down plot (m) Width of topsoil stripped to
cultivation depth (m)
Incremental area of topsoil
stripped (m2)
0.0
7.5
15.0
22.5
30.0
37.5
45.0
52.5
60.0
67.5
75.0
82.5
90.0
97.5
105.0
112.5
120.0
127.5
135.0
142.5
150.0
21
21
21
15
15
14
15
16
16
15
19
25
24
22
16
16
16
15
10
15
15
0
158
158
113
113
105
113
120
120
113
143
188
180
165
120
120
120
113
75
113
113
Total 2,563 m2
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APPENDIX 2
Harvested lupin yields in one meter wide by 30 m long strips out from the centre-line of a
diverted rill immediately downslope of the Phomopsis trial plot of Appendix I.
Strip No Yield on
north side
of rill t.ha-1
Yield loss
t.ha-1
Production
loss
t
Yield on
south side
of rill t.ha-1
Yield loss
t.ha-1
Production
loss 
t 
Adjacent to rill
1
2
3
4
5
6
7
8
9
0.69
1.44
1.38
1.69
1.65
1.69
1.73
1.76
1.65
1.00
0.25
0.31
0.0030
0.0008
0.0009
0.35
1.30
1.60
1.60
1.60
1.78
1.65
1.86
1.68
1.39
0.34
0.14
0.14
0.14
0.0042
0.0010
0.0004
0.0004
0.0004
Mean       1.69 (strips 4-9)       1.74 (strips 6-9)
Total loss
In production
0.0047 t 0.0064 t
Combined production loss along 30 m
= 0.0047 + 0.0064 = 0.0111 t,
Therefore production loss per linear metre of rill
0.0111
=       30 =  0.00037 t per linear meter
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APPENDIX 3
Calculation of areas of crop and volumes of soil lost because of rilling at Sites A, B and
C, shown on Figure 2.
Site A Rills averaged 0.07 m deep over a 37 m length. Rill widths averaged 0.1
and 0.12 m and were an average of approximately 2 m apart over 40 m,
and 30 m widths respectively.
Therefore crop production was lost over a combined width of
(20 x 0.1) + (15 x 0.12) = 2.0 + 1.8 = 3.8 m
Its area was 3.8 m x 37 m = 140 m2
The cross-sectional areas of rills was 
20 x 0.1 + 0.07 = 0.14 m2
l5 x 0.l2 + 0.07  = 0.126 m2
Total 0.266
The volume of soil lost in the rills was therefore
0.266 m2 x 37 m = 9.84 m3
Site B The average width of ruling was measured using a 30 m tape at their
mid-point, which was representative of their 40 m lengths. Average
depths were measured using a scale rule, to obtain cross—sectional
areas of each rill
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Distance across rills
(m)
Av. Width
(m)
Av. Depth
(m)
Cross-sectional
area
(m2)
0.1 –
1.1 –
3.7 –
5.5 –
6.2 –
7.4 –
9.3 –
12.4 –
15.2 –
16.2 –
16.9 –
19.2 –
23.1 –
24.7 –
27.3 –
29.0 –
  
  0.4
  1.6
  3.9
  6.0
  6.5
  7.6
  9.6
13.3
15.6
16.6
17.2
20.0
23.2
25.5
27.6
29.4 
0.3
0.5
0.2
0.5
0.3
0.2
0.3
0.9
0.4
0.4
0.3
1.8
0.2
0.2
0.3
0.4
0.05
0.04
0.09
0.06
0.03
0.07
0.06
0.06
0.06
0.06
0.06
0.10
0.07
0.08
0.06
0.11
0.015
0.020
0.018
0.030
0.009
0.014
0.018
0.054
0.024
0.024
0.018
0.018
0.014
0.016
0.018
0.044
Totals 7.2 0.354
Area: 7.2 x 40 = 288 m2 Volume 0.354 x 40 14.2 m3
Distance across rills
(m)
Av. Width
(m)
Av. Depth
(m)
Cross-sectional
area
(m2)
2.5 –
5.1 –
6.7 –
9.9 –
14.7 –
16.2 –
18.4 –
21.8 –
22.4 –
23.9 –
24.9 –
28.0 –
 3.5
 5.4
 7.8
10.1
15.4
17.1
18.8
22.0
22.8
24.4
25.5
30.1
1.0
0.3
1.1
0.2
0.7
0.9
0.4
0.2
0.4
0.5
0.6
2.1
0.08
0.07
0.08
0.10
0.07
0.08
0.07
0.11
0.06
0.07
0.05
0.07
0.080
0.021
0.088
0.020
0.049
0.072
0.028
0.022
0.024
0.035
0.030
0.147
Totals 8.4 0.616
Area:  8.5 x 40 = 336m2 Volume 0.616 x 40 – 24.6m3
WATER EROSION IN THE GERALDTON AREA
31
Distance across rills
(m)
Av. Width
(m)
Av. Depth
(m)
Cross-sectional
area
(m2)
0.4 –
1.1 –
2.5 –
4.4 –
5.1 –
8.8 –
12.3 –
13.1 –
17.0 –
20.2 –
21.4 –
23.7 –
27.4 –
 0.7
 1.4
 3.2
 4.6 
 5.6
10.0
12.6
13.7
17.7
21.0
22.1
24.0
28.3
0.3
0.3
0.7
0.2
0.5
1.2
0.3
0.6
0.7
0.8
0.7
0.3
0.9
0.05
0.08
0.06
0.09
0.09
0.13
0.08
0.09
0.10
0.07
0.10
0.05
0.07
0.015
0.024
0.042
0.018
0.045
0.156
0.024
0.054
0.070
0.056
0.070
0.015
0.063
Totals 7.3 0.652
Area:  7.3 x 40 = 292m2 Volume 0.652 x 40 = 26.0m3
Distance across rills
(m)
Av. Width
(m)
Av. Depth
(m)
Cross-sectional
area
(m2)
0.2 –
1.5 –
2.2 –
5.2 –
8.5 –
9.3 –
10.6 –
12.2 –
13.2 –
15.3 –
17.3 –
 1.1
 1.9
 2.9
 6.3
 8.8
 9.6
10.6
12.7
13.6
16.0
17.6
0.9
0.4
0.7
1.1
0.3
0.3
0.6
0.5
0.4
0.7
0.3
0.08
0.06
0.09
0.08
0.05
0.06
0.04
0.04
0.05
0.05
0.04
0.072
0.024
0.063
0.088
0.015
0.018
0.024
0.020
0.020
0.035
0.012
Totals 6.2 0.391
Area:  6.2 x 40 = 248m2 Volume 0.391 x 40 = 15.6m3
SITE B TOTALS Area:  1164m2 Volume 80.4m3
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Site C Rills averaged 20 m In length and 38 m at Site B (Figure 2) where similar
measurements were carried out.
Distance across rills
(m)
Av. Width
(m)
Av. Depth
(m)
Cross-sectional
area (m2)
1.5 –
2.2 –
3.3 –
5.7 –
8.5 –
11.2 –
14.0 –
16.6 –
17.5 –
21.5 –
24.6 –
25.7 –
27.0 –
28.3 –
29.7 –
 1.8
 2.6
 3.8
 7.3
10.4
11.9
14.6
16.8
17.8
22.3
25.3
26.3
27.9
29.6
30.1
0.3
0.4
0.5
1.6
1.9
0.7
0.6
0.2
0.3
0.8
0.7
0.6
0.9
0.7
0.4
0.03
0.05
0.06
0.04
0.07
0.06
0.03
0.05
0.04
0.08
0.05
0.05
0.04
0.06
0.05
0.009
0.020
0.030
0.064
0.133
0.042
0.018
0.010
0.012
0.064
0.035
0.030
0.036
0.042
0.020
Totals 10.6 0.565
Area:  10.6 x 20 = 212m2 Volume 0.565 x 20 = 11.3m3
5.9 –
7.1 –
6.2
7.4
0.3
0.3
0.06
0.03
0.018
0.009
Totals 0.6 0.027
Area:  0.6 x 20 = 12m2 Volume 0.027 x 20 = 0.54m3
SITE C TOTALS Area:  224m2 Volume 11.8m3
TOTAL AREA LOST Site A    140m2
Site B 1,164m2
Site C    224m2
Totals 1,528m2
TOTAL VOLUME OF SOIL LOST Site A   9.8m3
Site B 80.4m3
Site C 11.8m3
Totals 102.0m3
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APPENDIX 4
A farmer developed disc seeder for cropping with minimal soil disturbance (courtesy of
“Western Farmer and Grazier, June 19, 1986).
